Abstract: Physical activity is pivotal for children's health and well-being, yet participation declines across teenage years. Efforts to increase physical activity need to be strengthened to combat this, however, evidence for the design and planning of physical activity promotion in children is lacking. The aim was to identify predictors of physical activity that were relatively consistent across three different measures of physical activity, in pre-and early adolescent South Australians. This is the first study to compare correlates of physical activity across three measures of physical activity in a single sample, in this age group. Children (n = 324) aged 9-13 years and their parents were surveyed on personal, interpersonal and environmental correlates of physical activity. Child physical activity was objectively measured using pedometers (7 days). Self-reported physical activity was determined from organised sport participation and the Physical Activity Questionnaire for Adolescents. Regression models were used to identify consistent predictors of three physical activity measures. Consistent predictors across multiple physical activity measures were: parent support for physical activity, having appropriate clothing for sport, enjoyment of physical activity and perceived availability of sporting clubs. These predictors identify potential avenues for directing intervention efforts to increase physical activity in early adolescents.
Introduction
The cardiovascular, skeletal, psychological and social benefits of regular physical activity for children and adolescents are supported by an abundant and growing literature [1] . Data on secular trends for this age group, however, suggest that physical activity promotion efforts have met with limited success [2] . Further, there is a precipitous decline in physical activity engagement across the teenage years [3] , highlighting the urgent need to understand influences on physical activity among young people. This is of further concern as physical activity and inactivity behaviours among children and adolescents tend to track into adulthood [4] .
The pre-adolescent years represent a critical period for the promotion of free, unstructured play as well as participation in organised, structured activities such as sport and physical education [5] . There is prolific literature describing correlates of physical activity behaviours in young people. Correlates have most often been studied according to a social ecological framework that acknowledges the complex interrelationships among personal, interpersonal, environmental and policy domains of influence [6] . Despite widespread agreement on the appropriateness of an ecological basis for study design, the weak links between our understanding of causation and physical activity promotion cast doubt on the utility of the evidence at hand. Heterogeneity in the design of correlates research has hampered understanding of those factors that are most consistently predictive of physical activity in young people, with studies differing according to sample characteristics, measurement instrumentation and the context of physical activity under examination [7] . Correlates of physical activity have been shown to vary according to gender [8, 9] , age [2] , and socioeconomic status [10, 11] of study samples. Correlates are also shown to differ according to the approach to physical activity assessment, such as objective measures and self-report [12] , and physical activity context, such as free play and organised sport [5, 13] . Overall, the current literature still presents a confusing evidence base for intervention and policy design, underscoring the need for systematic data gathering and analysis.
Over the last 20 years, physical activity research has seen the emergence of objective measures, such as pedometers and accelerometers, to complement self-report approaches such as diaries and recalls. These objective instruments can provide relatively accurate data on overall physical activity volume and intensity and have therefore advanced our understanding of the associations of physical activity and health outcomes. Nevertheless, self-report approaches, while prone to recall biases [14] , are required for important contextual information, such as how, where and with whom physical activity is performed, that informs promotion planning. Accordingly, it is acknowledged that there is no single best measure of physical activity [15, 16] .
The current study simultaneously tested associations of correlates, hypothesised from a social ecological framework and self-determination theory [17] , and physical activity assessed by multiple means in a sample of sociodemographically diverse pre-and early adolescent Australians, stratified by sex.
The aim of the study was to identify predictors of physical activity that were relatively consistent across physical activity outcomes with a view to providing a robust evidence base for policy and initiatives that more effectively slow the worrying decline in physical activity participation accompanying adolescence.
Materials and Methods

Participants and Recruitment
Data for this study were collected as a part of the 'Resilience in Eating and Activity for Child Health' (REACH) study, a cross-sectional investigation of the predictors of 9 to 13-year-old children's eating and physical activity behaviours [18, 19] . The REACH study was conducted in Adelaide, South Australia from February to November 2010. Data collection relevant to this analysis involved two stages; children's questionnaires that were computer-administered in schools, and a computer-assisted telephone interview (CATI) with a subsample of parents. Ethics approval was received from the University of South Australia Human Research Ethics Committee (Protocol number: P278/08) and the South Australian Department of Education and Children's Services Ethics Committee (Protocol number CS/09/0922.2), and participants gave informed consent before participating.
Participants were recruited from grades five, six and seven in Government primary schools in the Adelaide metropolitan area, using a purposive recruitment method to capture a diversity of socioeconomic position (SEP). All eligible schools were first stratified by SEP using the School Card Register (SCR), a school ranking representing the proportion of students receiving means-tested Government assistance to meet the cost of school attendance. All metropolitan Government primary schools were classified into low, mid and high SEP tertiles using the most current SCR rankings (2007) (2008) , and schools were randomly selected from each tertile using a random number generator. Rolling recruitment was conducted concurrent with the first stage of data collection, allowing for the number of participants from each socioeconomic tertile to be monitored and recruitment to be adjusted to attain an even distribution. Eighty two schools were approached and 27 schools (32.9%) agreed to participate. In total, 2575 children received information about the REACH study, and written consent was received from 1257 parents (48.8% response rate). The physical activity questionnaire was completed by 1204 children using school computers and assisted by one research assistant per 10 children, and 410 parents completed the CATI. Compliant pedometer data (described below) were provided by 846 children.
Study Measures
Socioeconomic Variables
Parents reported socioeconomic information about their families in the CATI. Mother's and father's education levels were reported on an eight-point scale ranging from (1) never attended school, to (8) completed postgraduate education. Annual gross household income, including pensions and government assistance, was reported using seven income brackets ranging from (1) up to AU$12,000, to (7) more than AU$100,000. The income was adjusted by the number of individuals in the household who were dependent on that income, to form the variable 'equivalised income'. Residential postcode was used to derive an area-level indicator of SEP based on the Socio-economic Index for Advantage (SEIFA) [20] .
Objective Measurements of Physical Activity: Pedometry
Children wore a New Lifestyles (NL) 1000 pedometer for seven consecutive days. Pedometers were worn at the right hip, in line with mid-axilla, clipped to clothing. Previous studies have found the NL1000 to have excellent validity and reliability [21] [22] [23] . Pedometer records with fewer than 1000 steps day −1 on any day were excluded (n = 14) [24] , as were days on which the pedometer was removed for a total of more than four hours during waking hours, as recorded on a log sheet (n = 237). Average daily steps ('Daily steps') was calculated when at least 3 weekdays and one weekend day met compliance criteria.
2.2.3. Self-Reported Physical Activity: Physical Activity Questionnaire for Adolescents; PAQ-A The PAQ-A asks respondents to recall the number of times in the last week they performed moderate to vigorous physical activity, choosing from a checklist. Seven questions assess physical activity in both in-school and out-of-school-hours, covering physical education, lunch, after school, evenings and the weekend. A composite index is calculated from the average of seven items to reflect the overall physical activity level (PAQ score). The PAQ-A has been used in many countries and has acceptable validity and reliability in the age range of the current study [25, 26] .
2.2.4. Self-Reported Physical Activity: Organised Sport Participation A question was added to the PAQ-A that asked children to list the organised club and school sports played in the previous 12 months ('Sport').
Child-Reported Predictors of Physical Activity
Items in the children's questionnaire used to derive personal and interpersonal predictor variables were adapted from the eat well be active Community Programs (ewba) conducted in metropolitan and rural South Australia between 2006 and 2009 [27] .
Personal Variables
Children reported their date of birth at the time of data collection and decimalised age was calculated. 'Screen time' was represented with a single item; 'On a typical school day, how many total hours outside of school do you watch TV, view videos or work/play on the computer?'. Six response options ranged from (1) none to (6) more than 4 h. For all of the personal variables that follow, the response options were: strongly agree; agree; unsure; disagree; strongly disagree. Perceived outcomes of regular physical activity were assessed with multiple items, beginning with 'Playing games or sports over the next year might help me...' and ending with: 'keep me healthy'; 'get me fit or help me stay fit'; 'study and learn better'; 'have lots of fun'; 'make my parents/carers happy'; 'spend time with my friends'; and 'make new friends'. An 'Outcome expectancies' factor was derived as the average of individual outcomes, with a Cronbach alpha of 0.81.
Barriers self-efficacy was assessed from items beginning with 'I could still play sport or games even if. . . ' and ending with: 'others made fun of me'; 'there is no-one to do it with'; 'I was not good at it'; 'I had no help to get to training and games'; 'my parents/carers did not encourage me'; and 'my friends did not take part'. A 'Barriers self-efficacy' factor was derived as the average of individual outcomes, with a Cronbach alpha of 0.78.
Single items represented: enjoyment of physical activity ('Like PA'), 'I like playing sports and games'; perceived competency ('Good at PA'), 'I think I am good at sports and games'; and personal barriers ('Don't like PA feel'), 'I don't like how being active makes me feel (e.g., hot, sweaty, out of breath)'.
Interpersonal Variables
For all of the social variables that follow, the response options were: strongly agree; agree; unsure; disagree; strongly disagree.
'Parent support' was calculated as the average of four items, with a Cronbach alpha of 0.71; 'How often does your father/male carer (or mother/female carer) help you to play some sort of sport or physical activity, for instance take you to sport or give you money for sport?'; and 'How often does your father/male carer (or mother/female carer) encourage you to play some sort of sport or physical activity?'.
The following items on parent influence were entered into models separately, as the Cronbach alpha was substantially reduced when added to the previous two parent support items: 'How often does your father/male carer (or mother/female carer) play some sort of sport or physical activity with you?' ('Parent play with'); and 'I have the right clothes or shoes for sport' ('Clothing').
Rules imposed by parents were represented by 'My parents/carers let me watch as much TV as I like at home' ('Rules').
Positive influence of peers was represented by the following items: 'How often does your best friend or their family encourage you to play some sort of sport or physical activity?' ('Friend encourage'); and 'How often does your best friend play some sort of sport or physical activity with you?' ('Friend play with').
Barriers associated with peers were represented by the following single items: 'Other kids make fun of me when I am physically active' ('Other kids tease'); and 'It is not safe to play at school because of bullies' ('Bullies').
Environmental Variables
The only physical environment variable in the child questionnaire was 'There are lots of clubs near where I live that I can join to play sport' ('Clubs').
Parent-Reported Predictors of Physical Activity
CATIs were conducted with parents after the school visit phase of data collection was completed. If a parent was unable to participate in the interview at the time of contact, a more suitable time was arranged. If participants were not reached, up to 10 attempts to contact them were made.
Environmental and interpersonal variables included in the CATI were adapted from items used in the ewba parent questionnaire [27] and the SocioEconomic Status and Activity in Women (SESAW) study physical activity questionnaire [28, 29] .
Interpersonal Variables
Social capital was represented by a single item; 'How many of your neighbours do you know by name?' ('Friendly neighbours') [30] .
Environmental Variables
For all safety variables, the response options were: strongly agree; agree; unsure; disagree; strongly disagree. Neighbourhood safety ('Safety') was calculated as the average of responses to the following items, with a Cronbach alpha of 0.66: 'Your closest park/playground from home is safe for your child to play in'; 'It is safe for your child to walk or ride a bike alone in your neighbourhood during the day'; 'There are busy roads to cross when out walking or bike riding in your neighbourhood'; 'Dogs frighten people who walk or bike ride in your neighbourhood'; 'There is a lot of traffic in your neighbourhood'; 'You are worried about older kids hanging around the neighbourhood'; and 'You are worried about strangers in the neighbourhood'.
Neighbourhood walkability ('Walkability') was represented as the average of two items, with a Cronbach alpha of 0.65: 'Your neighbourhood is well-maintained and attractive'; and 'There are footpaths on most of the streets in your neighbourhood'. Response options were: strongly agree; agree; unsure; disagree; strongly disagree.
Costs associated with physical activity participation ('Cost') have been included as an environmental variable as this relates to the policies and practices of external providers such as clubs and schools. The following three items were averaged, with a Cronbach alpha of 0.72: 'The cost of purchasing sports equipment limits how much equipment you buy for your child, for example bikes, nets, bats and balls'; 'The cost of club sport limits my child's participation in club sport, for example, costs associated with uniform and registration fees'; and 'The cost of school sport limits my child's participation in school sport'. Response options were: strongly agree; agree; unsure; disagree; strongly disagree.
Venues in the neighbourhood for physical activity were represented by individual items (yes/no response options) that were entered into models separately: 'Is there a park or playground within walking distance from your home where your child can play? ('Playgrounds'); and 'Are there sporting facilities in your neighbourhood for your child to use, for example ovals, courts, skate ramp or recreation centre?' ('Facilities').
Data Analysis
Means and standard deviations were calculated for outcome and predictor variables, and independent t tests were performed to compare boys and girls on all variables (see Table 1 ). Product moment correlations were calculated between all physical activity variables and potential correlates (see Table 2 ). Correlations among predictors were assessed for multicollinearity; as coefficients were >0.40 between 'Like PA' and 'Good at PA' among both boys (r = 0.52) and girls (r = 0.61), these variables were entered separately into regression models.
Regression models for personal, interpersonal and environmental variables were built separately for each physical activity outcome (Daily steps, PAQ score and Sport). Predictors that were correlated with a physical activity variable (r > 0.10; see Table 2 ) were then entered into the regression model for that variable. Linear models were constructed for Daily steps and PAQ score, and logistic models for Sport (Yes/No), stratified by sex, with robust standard errors accounting for clustering of variables in schools. Forward stepwise entry was used to identify those variables that were independent predictors of the dependent physical activity variable. Sociodemographic variables (parent education, equivalised income and SEIFA score) were forced into each model at the first step. Analyses were performed using Stata (version 14; StataCorp LP, TX, USA) with significance inferred if p < 0.05. 
Results
Comparisons by Sex
Boys were more physically active than girls according to the 'global' measures of Daily steps and PAQ score, but not for Sport (see Table 1 ). Among predictor variables, higher scores were evident among boys for the following personal attributes: Outcomes expectancies (p = 0.001), Barriers self-efficacy (p = 0.03), 'Like PA' (p < 0.0001) and 'Good at PA' (p < 0.0001). Girls were more likely to report that they did not like how physical activity made them feel; 'Don't like PA feel' (p < 0.0001). There were no differences between boys and girls for any of the interpersonal and environmental predictor variables. Table 2 displays the bivariate associations of predictor and physical activity variables. Parent education was unrelated to individual physical activity variables, while equivalised income (girls only) and SEIFA score (boys and girls) were positively associated with Sport. Child personal factors were consistently associated with physical activity, regardless of sex and the physical activity measure. The personal predictor variables Outcome expectancies, Barriers self-efficacy, Like PA and Good at PA were more strongly correlated with the self-reported physical activity variables (PAQ score and Sport) than with Daily steps. Among interpersonal factors, Parent support and 'Parents play with' were largely associated with self-reported physical activity variables, while Parent support was associated with Daily steps among girls only. Having the appropriate clothing for physical activity was positively associated with most physical activity variables. Peers influenced children's physical activity most consistently through encouragement ('Friend encourage') and positive modelling ('Friend play with'). Negative peer influences through teasing ('Other kids tease') and bullying ('Bullies') showed scattered and relatively weak associations with physical activity. Among environmental variables, Clubs was positively associated with self-reported physical activity variables while correlations with Safety and Walkability were less consistent. Cost and Playgrounds were largely unassociated with physical activity variables. Table 4 (girls) display the significant variables from bivariate associations (p ≤ 0.10) that were retained after multivariable forward stepwise regression analyses. Considering the model of personal variables, 'Like PA' was the only variable associated with more than one physical activity variable (PAQ score and Sport) among boys. Among girls, the personal attributes associated with more than one physical activity outcome were Barriers self-efficacy, 'Good at PA' and 'Like PA'.
Associations of Demographic, Personal, Interpersonal and Environmental Variables with Physical Activity Variables
Regression Models
From boys' interpersonal models, Parent support and Clothing each predicted two physical activity variables. Peer support ('Friend encourage' and 'Friend play with') were independent predictors of PAQ score only. Among girls, Parent support (3 physical activity variables) and Clothing (2) were consistently associated with physical activity variables.
From environmental models, Clubs was retained in two models (PAQ score and Sport) among boys, while no environmental variables predicted more than one physical activity variable in girls. 
Discussion
This study identified consistent predictors of children's physical activity across all levels of the social ecological framework. The data also revealed sex-specific predictors that should be considered when developing physical activity promotion strategies for 9-13 year olds.
Consistent with existing evidence, boys were more active than girls [31] [32] [33] . However, the factors responsible for these differences are still not well understood. In this study, it was shown that there were no differences between boys and girls for any of the interpersonal and environmental predictor variables but personal factors were found to be predictors of physical activity. This is not surprising as the social ecological theory [6, 34] posits that influences most proximal to the target group under investigation tend to have a greater impact on physical activity behaviour [6, 35] . In addition, girls reported less favourable personal attributes compared to boys, including lower enjoyment ('Like physical activity'), perceived physical competency ('Good at physical activity') and lower perceived ability to overcome barriers (Barriers self-efficacy). These variables were consistent predictors of both objectively assessed and self-reported physical activity in girls. The consistency of these findings across different measures of physical activity suggests that these predictors are salient for girls' physical activity and should be a target for interventions and programs. These findings are consistent with other studies that also show personal variables as strong predictors of girls' physical activity [9, 36, 37] .
Psychological variables relating to enjoyment, and confidence to overcome barriers and in skill ability are likely to be limiting factors for physical activity engagement in girls rather than boys [38] . There are a number of potential explanations for these gender differences. Previous research suggests that socio-cultural factors may be at play where males tend to be socialised to have a stronger affinity to more strenuous and competitive activities compared to girls, who tend to gravitate to more cooperative, less vigorous activities [37, 39] . This is also supported in the school-based literature, which has shown that school-based activities are often set up to be masculine-oriented [40] . Engagement in physical activity, particularly activity levels gained through physical games and sports, is reliant on a certain level of skill competency. Attraction and motivation to engage in these physical activity experiences is contingent on children's perceptions of competency. In the present study, girls reported more negative perceptions of physical activity competency, which may influence their enjoyment, motivation to engage and their development of physical competency [38] . These fundamental differences require specific consideration in the design of physical activity programs and interventions for girls. With girls being at higher risk of insufficient levels of physical activity, consideration needs to be given to activity options that are compatible with girls' preferences and expectations [37] . This is of vital importance as research shows that children who enjoy physical activity and are self-determined tend to transfer this across multiple contexts [41] . By addressing these modifiable predictors during childhood, there is greater chance of reducing these gender differences into adolescence.
Enjoyment of physical activity ('Like PA') was a consistent predictor of physical activity outcome variables in both sexes. This finding is consistent with other studies that have reported child enjoyment as a motivator of participation in physical activity [42] [43] [44] . For children, physical activity is about hedonistic enjoyment rather than any long term investment in health [45] . As children tend to engage in activities they enjoy [45] , providing a variety of physical activity opportunities to engage in, to identify preferences, could help to increase physical activity levels in this population.
Parent support was a consistent predictor of different indicators of physical activity in boys and girls. This finding is in accord with other literature, including a recent study of USA children of a similar age range, in which family support predicted physical activity represented by PAQ score and moderate-to vigorous-intensity physical activity from accelerometry, in both boys and girls [12] . Wenthe and colleagues [12] noted that females reported lower perceived family support than boys, in contrast with the current study which found no gender differences in perceived parent support. Possibly, parents in the current study were relatively 'even-handed' in their roles as facilitators of their children's physical activity and were unaffected by the stereotypically gendered perspectives on children's physical activity needs and preferences.
Having the appropriate clothing was consistently associated with physical activity variables in boys and girls, and may reflect the instrumental role that parents play through meeting costs associated with participation. The cross-sectional study design masks causal pathways; it could be argued that clothing is an outcome rather than a determinant of physical activity, given that a child taking part in sport will be provided with the appropriate clothing. Nevertheless, parents act as gatekeepers to children's physical activities in a range of interrelated ways that resonate with the central constructs of self-determination theory [17] : autonomy, competency and relatedness. These include: instrumental and direct support to engage in a wide range of activity choices; emotional and motivational support such as providing encouragement and praise; and observational support such as role modelling of behaviours [46] . While the current study represented parent support only by encouragement and sharing activities with children, the findings add to the evidence that parents play a crucial role in a child's physical activity levels. The robustness of parent support as a predictor in the current study should prompt deeper research of the relative importance of specific sources of parental influence in order to refine interventions with a family focus.
Neighbourhood safety was unrelated to physical activity outcomes. In all, the literature is inconsistent on the relationship between neighbourhood safety and children's physical activity, regardless of whether safety is represented as parents' perceptions or actual statistics such as crime rates and traffic density [47, 48] . The mixed and generally weak associations reported in the literature may be attributable to the relatively high and invariant ratings of safety reported by survey respondents, which would then limit the detection of associations in statistical models, but should not be interpreted as a lack of relevance to physical activity promotion among young people.
The perceived availability of clubs predicted physical activity in both sexes, for boys across PAQ score and Sport, and for PAQ score in girls. Physical activity occurs in both organised and non-organised contexts, and opportunities for organised participation are important, perhaps more so with the decline in school sport opportunities observed in some demographic sub-groups of children [49] . A recent study found that self-reported participation in organised sports was associated with more time spent in accelerometer-assessed physical activity in children and adolescents [50] . National Australian data show that organised sport participation rates decline during adolescence [51] , highlighting the importance of sports club engagement as an avenue for increasing physical activity in young people and therefore the need for ongoing funding to support this.
This study has several strengths. Generalisability of findings was enhanced in that the sampling methodology ensured a wide diversity in SEP and achieved a relatively large sample. The parent and child questionnaires were thoroughly pilot tested in appropriate samples. Computer administration and using the sophisticated CATI ensured quality data collection and maximised responses from children and parents, respectively. There was a relatively high ratio of research assistants to students to assist children with low reading and cognitive skills, improving confidence in data. The physical activity predictors explored in this study represent multiple levels of the social ecological framework.
This study is one of only a few investigating a broad range of potential influences on children's physical activity that persist across multiple physical activity measures. It is important, however, to acknowledge a number of limitations. Cross-sectional design prohibits inferences about temporal relationships, and cannot shed light on reciprocal associations. Further, predictors of change may differ from predictors of current behaviours. Predominantly mothers (87%) participated in the CATI, and perceptions of home and neighbourhood may differ in important ways between male and female caregivers, and in single parent homes. While the data was collected 7 years ago, comparisons to current literature are still relevant. The study employed a one-dimensional measure of sport (any organised sport undertaken in the previous 12 months) which does not capture the frequency, duration and intensity of participation, including training. Weight status was not measured due to time limitations and sensitivities in the state education system at the time of the survey. It was therefore not possible to test interactions of predictors of physical activity and weight status. A reliability study was not conducted for the child questionnaire, due to the already considerable burden on school time and resources.
Conclusions
Assessing predictors of physical activity, nested in an ecological framework, across a range of both objective and subjective measure is a unique approach to identifying those factors that are consistent influencers of children's physical activity, irrespective of the measurement approach. This study identified several predictors of children' physical activity that are consistent across different measures and should, therefore, be prioritised and targeted in physical activity promotion. Parent support for physical activity, having appropriate clothing for sport, enjoyment of physical activity and perceived availability of sporting clubs were all associated with child physical activity, across multiple physical activity measures. Our findings suggest that intervention designers as well as education or junior sport policy makers should incorporate components and targeted strategies that focus on these modifiable factors.
While this study presented some important avenues for directing intervention efforts to increase physical activity in early adolescents, further research into other predictors and the underlying mechanisms of how these factors influence children's physical activity is necessary for maximising the impact of physical activity promotion.
